INTRODUCTION
The global rise in diabetes prevalence poses major challenges for healthcare providers. 1 Symptoms of type 2 diabetes develop insidiously, so that a significant proportion of patients are undiagnosed, even in countries with a well-developed healthcare infrastructure. Up to 1% of the population of England is thought to have undiagnosed or unrecorded diabetes, 2 and is not receiving access to wellorganised systematic care and follow-up. 3 In addition, people with impaired glucose regulation are likely to be excluded from the structured follow-up offered to those with diabetes, 4 even though they benefit from interventions to reduce the risk of progression to diabetes, [5] [6] [7] and to control cardiovascular risk. Therefore, there is a good case for identifying individuals with evidence of undiagnosed diabetes or impaired glucose regulation.
General practice records might assist in the identification of individuals most likely to have undiagnosed diabetes, but this approach depends largely on the availability of relevant, coded data. In a recent study in the Netherlands, hypertension, cardiovascular disease, and lipid metabolism disorders were identified as the most useful risk factors available in the electronic records. 8 Family history is an important factor but was not coded consistently and so could not be included. In a community-based study in New Zealand, randomly selected householders were invited for casual blood glucose testing and risk assessment, followed by oral glucose tolerance testing in selected cases. 9 The results suggested that glucose measurements themselves are superior to traditional risk factors alone as a means of identifying groups for formal diabetes screening, particularly in Europeans. A general practice-based targeting strategy based on this principle but utilising existing blood glucose data would depend on their availability in electronic records, and this has not previously been measured in current UK practice. The volume of such data is set to rise following the guidelines of the Joint British Societies, which recommend opportunistic blood glucose measurement in everyone over 40 years undergoing cardiovascular risk assessment. 10 This study was undertaken to estimate the number of people in the UK with biochemical evidence of undiagnosed diabetes, and the number justifying retesting to clarify their diabetes status, identifiable by existing electronic blood glucose data in primary care. The study was designed to test the utility of electronic searches as a means of targeting this group, and to measure the availability of blood glucose data to support them. This approach has the advantage that the existence of raised blood glucose measurements in a patient's record provides justification for further testing that is independent of the argument for or against population screening for diabetes.
METHOD

Study design
A population-based, cross-sectional survey using version 11 of the UK QRESEARCH database was undertaken. 11 This database contains the anonymised electronic healthcare records of over 9 million patients ever registered with 499 general practices throughout the UK. The information recorded on the database includes patient demographics (year of birth, sex, socioeconomic data derived from the UK 2001 census), characteristics (height, weight, smoking status), symptoms (if coded electronically), clinical diagnoses, consultations, referrals, prescribed medication, and results of investigations. Biochemistry results (including electronically-coded blood glucose values) are available that are now transmitted directly into the patients' notes from the local laboratory. The database has been validated by comparing birth and death rates, consultation rates, and prevalence and mortality rates with other data sources including the General Household Survey 12 and the General Practice Research Database. 13 Practices were included in the analysis if they had complete data transmission until at least 1 June 2006.
Patients were included if they were registered with the practice on 1 June 2006.
Diagnostic definitions
The current diagnostic criteria for diabetes of the World Health Organization (WHO) were used in this study. 14 A fasting plasma glucose level ≥7.0 mmol/l on two occasions is diagnostic of diabetes in a patient with no symptoms. In a clearly symptomatic patient, a single raised random plasma glucose level of ≥11.1 mmol/l can be used to make the diagnosis.
Patient subsets and code groups
The following subsets of patients were identified according to information in their electronic health record (codes available from the authors):
• patients with a computer-recorded diagnosis of diabetes; • patients with a computer diagnosis of impaired glucose tolerance or impaired fasting glycaemia; • patients with at least one random glucose measurement or one fasting glucose measurement; and • patients with computer-recorded evidence of a normal glucose tolerance test.
Search strategies
Two alternative electronic search strategies were applied, examining the most recent blood glucose measurement available in the record. Both strategies initially identified patients who do not have a diagnosis of diabetes (or impaired glucose tolerance) and have not had a diagnosis of diabetes excluded by a normal glucose tolerance test, or as indicated by the use of an appropriate Read code, as detailed in the Results section.
Strategy A
Patients were included in the results if the most recent blood glucose measurement was a fasting level ≥7.0 mmol/l or a random level of ≥11.1 mmol/l.
Strategy B
Patients were included in the results if the level (fasting or random) of the most recent blood glucose
How this fits in
The availability of blood glucose data in UK general practice records offers a new opportunity for identifying individuals requiring testing for diabetes. Most practices have patients with biochemical evidence of undiagnosed diabetes, who are identifiable by simple computer searches. As part of practice-based software, these searches may allow such individuals to be identified and followed up during routine care. measurement was ≥7.0 mmol/l. The prevalence of each outcome was also determined by 5-year age-sex band.
RESULTS
Study population and prevalence of diagnosed diabetes
A total of 480 general practices met the inclusion criteria for the study. There were 3.63 million patients registered, of whom 50.43% were female, and 8.03% were aged 75 years or over.
A total of 128 421 patients were identified with a computer-recorded diagnosis of diabetes, giving an overall prevalence of 3.54%. The median practice prevalence of diabetes is 3.60%. Table 1 shows the age-sex-specific prevalence rates for a diagnosis of diabetes.
Exclusions from the target population
Of the 3.51 million people without a computerrecorded diagnosis of diabetes, 0.27% were excluded from the target population because of a diagnosis of impaired glucose tolerance or impaired fasting glycaemia, a code for 'diabetes resolved' (for example, after pregnancy), or a code for 'diabetes excluded'. As shown in Figure 1 , there were 3.49 million people in the target population for further analysis.
Availability of blood glucose data
Overall, 1.05 million people (30% of the target population) had at least one computer-recorded blood glucose value, with considerable variation between practices. This figure rises to two-thirds of those aged 65 years or older. Some of these measurements were taken over 10 years ago, but in the past 2 years approximately half of all patients aged over 65 years, one-third of those aged over 40 years, and one-fifth of the total population have undergone blood glucose estimation. The proportion of blood glucose measurements that were clearly fasting was 15.9%. In 22.2% they were reported using a random code, but in 62% of measurements it was not clear from the code whether the sample was fasting or random. For all cases that were not clearly reported as fasting, it was assumed that the sample was random, but some of these measurements may have in fact been taken on fasting samples.
Primary outcomes
Using strategy A, 3800 patients were identified from the target population whose last glucose measurement was suggestive of diabetes (that is, a random value of ≥11.1 mmol/l or a fasting value ≥7.0 mmol/l).
Of those identified, only 1.3% had diabetes excluded on the basis of a subsequent normal oral glucose tolerance test, leaving 3758 patients requiring further investigation or follow-up.
Using strategy B, 33 057 people were identified 
IGT = impaired glucose tolerance
where the most recent blood glucose value (random, fasting, or non-specifically coded) was ≥7.0 mmol/l. This figure fell to 32 785 once those with a normal glucose tolerance test had been excluded. This represents just under 1% of the entire study population and approximately 3.5% of all patients aged over 65 years. Table 1 shows the age-sex breakdown of patients identified using strategies A and B. Figure 2 shows the time periods since the abnormal glucose measurement according to strategies A and B. In some cases the last recorded value was relatively recent, so the individual may still be in the usual process of follow-up and no other action would be required. The distributions indicate that this was more likely to be the case for strategy A individuals, whose results may be more obviously significant. But in over one-third of the 'A' patients and half of the 'B' patients, the last recorded value was more than 1 year ago. In around one-fifth of the 'A' patients and nearly one-third of the 'B' patients, it was in excess of 2 years. Table 2 shows the mean, median, and interquartile ranges of the numbers identified in the two categories in the 480 practices, demonstrating a wide range of values obtained. The majority of practices (440/480) had at least one strategy A patient identified, and all but one had at least one strategy B patient.
Time since last recording
Variation between practices
DISCUSSION
Summary of main findings
A significant proportion of the population has undergone blood glucose measurement, and the use of simple electronic searches allows us to identify people requiring clarification of their glucose tolerance. The numbers identified varied between practices. The majority (440/480) of practice databases include patients with evidence of undiagnosed diabetes based on the most recent blood glucose measurements (strategy A). Some of these may be known to have diabetes but are not on the practice diabetes register, and are therefore unlikely to receive well-organised, systematic care and follow-up. A proportion of the blood glucose levels reported by laboratories using random or nonspecific codes may in fact have been taken from fasting samples.
All but one of the 480 practices in this study's sample included people whose most recent blood glucose level probably requires further follow-up according to current guidelines (strategy B). 10 This would involve a review of symptoms suggestive of diabetes, clarification over whether the sample was fasting or random, and/or investigation with a fasting glucose or oral glucose tolerance test.
Strengths and limitations of the study
This is a large population-based study utilising routinely collected data from general practices all over the UK. The age-sex structure of the study population is similar to national estimates, although the QRESEARCH population is slightly older. The prevalence of diagnosed diabetes in this study (3.54%) is very similar to the national prevalence for all practices in England (QMAS prevalence for 2006 3.60%), 15 suggesting QRESEARCH is likely to be representative of practices for case ascertainment, screening, diagnosis, and electronic recording of diabetes. QRESEARCH uses data exclusively from EMIS (Egton Medical Information Systems) practices. EMIS provides clinical software to approximately 59% of general practices in the UK. The national recommended Read codes used to transmit results to practices from hospital laboratories are the same for EMIS and non-EMIS practices. 16 Through the cross-sectional design of this study it was not possible to determine the proportion of patients identified who were subsequently diagnosed with diabetes or impaired glucose regulation.
Comparison with existing literature
This is the first nationwide survey to investigate the potential of practice-based searches for the detection of undiagnosed diabetes. The Diabetes Audit and Research in Tayside Scotland (DARTS) study identified some individuals with isolated hyperglycaemia in healthcare databases who were not on diabetes registers. 17 This study involved just eight general practices, and took place in a small region of Scotland in 1996, when the prevalence of diabetes was significantly lower than today. It predated the introduction of the Quality and Outcomes Framework in 2004 (which promotes the maintenance of electronic diabetes registers), 3 the widespread establishment of laboratory links for electronic data transmission, and the JBS2 report, 10 which established a policy for the follow-up of borderline blood glucose levels and actively encourages the testing of blood glucose in the over-40-year population, through cardiovascular risk assessments.
Implications for future research and clinical practice
The proportions in these categories in which diabetes or impaired glucose regulation is confirmed on further testing will be investigated by the present authors, using a sample from current primary care, to clarify the usefulness of the software in the identification of undiagnosed diabetes. Further research is also planned to investigate the obstacles to follow-up of borderline blood glucose levels. These might include lack of clarity among practitioners over diagnostic thresholds, failure of laboratories to specify random or fasting results, problems with practice follow-up systems, or lack of patient concordance with invitations for retesting. It can be concluded that there is considerable scope in the UK for using electronic health records to identify people for recall and further assessment, thereby assisting in early detection of diabetes and impaired glucose regulation. Since the completion of this project, EMIS has introduced new software into all its practices for flagging up individuals in the 'A' and 'B' categories, to assist in their identification and followup during routine care.
